The persistence of measles virus in selected areas of the brains of four patients with subacute sclerosing panencephalitis (SSPE) was characterized by immunohistological and biochemical techniques. The five measles virus structural proteins were never simultaneously detectable in any of the brain sections. Nucleocapsid proteins and phosphoproteins were found in every diseased brain area, whereas hemagglutinin protein was detected in two cases, fusion protein was detected in three cases, and matrix protein was detected in only one case. Also, it could be shown that the amounts of measles virus RNA in the brains differed from patient to patient and in the different regions investigated. In all patients, plus-strand RNAs specific for these five viral genes could be detected. However, the amounts of fusion and hemagglutinin mRNAs were low compared with the amounts in lytically infected cells. The presence of particular measles virus RNAs in SSPE-infected brains did not always correlate with mRNA activity. In in vitro translations, the matrix protein was produced in only one case, and the hemagglutinin protein was produced in none. These results indicate that measles virus persistence in SSPE is correlated with different defects of several genes which probably prevent assembly of viral particles in SSPE-infected brain tissue.
Subacute sclerosing panencephalitis (SSPE) in humans is a chronic inflammatory central nervous system disease process based on a persistent measles virus infection (1). In infected brain cells, measles virus nucleocapsids are detectable in the absence of budding virus particles and the formation of giant cells. This observation together with the failure to isolate directly infectious virus from brain tissue suggests impaired measles virus replication in brain cells which has been attributed to the expression of a single defective measles virus gene (31) . This conclusion is based on the absence of a humoral immune response to measles virus matrix (M) protein in SSPE patients (14) and the lack of M protein in SSPE-infected brain tissue (13) as well as on biochemical data obtained from studies of persistently infected cells derived from SSPE-infected brain tissue which indicate that a restriction of measles virus M protein expression is a consequence of either a block in translation (10) or the failure of the synthesized protein to accumulate (28) . Similar observations have been made directly on SSPEinfected brain tissue. Northern blot analysis in combination with in vitro translation of extracted measles virus RNA from brain tissue (4) or hybridization tomography together with immunocytochemical staining of SSPE-infected brain sections (12) reveals the presence of mRNA for the M protein without M protein synthesis. However, measles virus M protein has recently been found in SSPE-infected brain sections by using monoclonal antibodies (21) . In these cases, a restriction of the M mRNA either does not occur or is less effective, suggesting that this particular viral gene may not alone determine the persistence of measles virus. To obtain more detailed information on the presence of measles virus-specific RNA species and the expression of mRNAs in SSPE-infected brain tissue and to evaluate the results in an appropriate context, it was necessary to study SSPE cases in * Corresponding author.
which information about the presence of viral structural proteins in brain areas was available. In the present study, RNAs obtained from different areas of the brains of four such defined SSPE cases were characterized by both Northern blot hybridization with cDNA clones from five measles virus genes and by the ability of the mRNAs to direct the in vitro synthesis of viral proteins. The data obtained indicate a great variability in the pattern of mRNA accumulation and an altered expression of defective genes not only for M protein but also for the genes encoding the envelope proteins of measles virus. Thus, the defects in the replication of measles virus seen in the SSPE-infected brain pertain to several viral genes. MATERIALS (20, 29) . T. A. Sato, National Institute of Health, Tokyo, Japan, kindly gave us four monoclonal antibodies against F protein which have been described previously (27) . Virus In vitro translation. In vitro translation was carried out as previously described (4), by using a rabbit reticulocyte lysate (22) which was kindly provided by S. G. Siddell, Wurzburg, Federal Republic of Germany.
Immunoprecipitation. Immunoprecipitations of in vitro translation products were carried out as follows. Proteins synthesized in vitro were diluted 10-to 20-fold in 1% Triton X-100-0.15 M NaCI-50 mM Tris (pH 7.2)-5 mM EDTA-0.1 mM phenylmethylsulfonyl fluoride buffer (19) . For each 100 pul of diluted translation products, 2 RI of antiserum was added, and the dilution was incubated for 1 h at 4°C. The following antisera were used: sera or CSF from patients 1, 2, and 4; rabbit serum obtained after hyperimmunization with measles virus Edmonston; anti-H, -M, and -F polyclonal rabbit sera (kindly supplied by E. Norrby); a monoclonal anti-N serum; and six different monoclonal anti-F sera (three were kindly supplied by E. Norrby). The polyclonal sera were obtained in rabbits with viral proteins derived from sodium dodecyl sulfate-gel electrophoresis. Anti Fig. 1 . In blots from lytic infections (Fig. 1A) , all the measles virus mRNAs investigated can be easily seen. In addition, weaker bands corre- 4. patient to patient but were generally low when compared with the amounts in the lytically infected cells. Particularly striking were small amounts of H and F mRNAs in patients 2 and 4; these mRNAs were only detectable after long exposures of the autoradiographs (Fig. 1D and F) . In the Northern blot of oligo(dT)-selected RNA from patient 2, genome-size RNA can also be readily seen (Fig. 1D) . In contrast to RNAs from other patients, this species was not removed even after three cycles of oligo(dT) chromatography. When different parts of each brain were examined, we observed variations only in the quantities of measles virusspecific RNA but no variations in the relative amounts and sizes of particular RNAs (data not shown).
Analysis of mRNAs in in vitro translation reactions. The measles virus proteins which could be detected by in vitro translation reactions by using viral mRNAs isolated from infected tissue culture cells are shown in Fig. 2A To establish which concentration of mRNA during in vitro translations is necessary for detectable synthesis of measles virus proteins, increasing amounts of mRNAs extracted from lytically infected cells were added to the rabbit reticulocyte lysates. The synthesis of measles virus proteins could be detected at a concentration as low as 25 ng/11 plI of the assay volume (Fig. 3) . At concentrations higher than 500 ng/11 pL of the assay volume, the amount of polypeptides produced did not increase. Therefore, we used this concentration of brain RNAs vitro translation of virus-specific RNA, poly(A)+ RNA (500 ng) from brain tissue used as a control was mixed with different amounts of mRNAs (10 to 500 ng) derived from infected Vero cells. No interference with the synthesis of specific measles proteins could be detected at an infectedcell poly(A)+ RNA concentration as low as 25 ng/11 ,ul of assay volume (Fig. 3C) .
Different defects in the abilities of the brain RNAs to direct synthesis of four virus proteins were found. mRNA from patient 1 (Fig. 2C) directed the synthesis of the N protein and two more measles virus-specific proteins. Immunoprecipitations with specific antisera showed clearly that the larger product was P protein with an increased electrophoretic mobility and the smaller product was M protein; H protein was not detected. When mRNA from patient 2 (Fig. 2D) was translated in vitro, N protein was synthesized and also P protein, which migrated more slowly than the reference in this case. H and M proteins were not detected. mRNA from patient 3 (Fig. 2E) directed synthesis of N and P proteins, but H and M proteins were not found. In patient 4 ( Fig. 2F) only N protein was detected in in vitro translations, although P and M mRNAs were present at concentrations similar to that of N mRNA as judged by Northern blot analysis. The same results were obtained by using mRNA from different parts of the brain of patient 4 (data not shown).
To test whether the measles virus genes in the SSPE patients were mutated or contained deletions which would have led to proteins no longer recognizable by the antisera shown in Fig. 2 , we carried out immunoprecipitation of the in vitro translation products with the sera and CSFs of patients 1, 2, and 4. However, no additional bands were visible (Fig. 4) .
DISCUSSION
We have recently described the expression of a defective measles virus M gene in the brain of an SSPE patient (4) . In the present study we extended our analysis to other measles virus mRNA species and their translation in this particular SSPE case and have included three additional SSPE cases.
All four SSPE-infected brains revealed the characteristic neuropathological changes, and the brain areas selected for RNA analysis contained measles virus antigens. By immunocytochemical staining with monoclonal antibodies to five structural proteins of measles virus (H, P, F, N, and M), P and N proteins were always detectable in brain sections, whereas the detection of the H, F, and M proteins varied considerably.
The results of the biochemical analyses shown here are complex. Generally, the mRNAs for N, P, and M proteins were easily detectable. Those for H and F proteins were always present but in lower amounts compared with lytically infected tissue culture cells. Although the absolute amounts varied, the relative amounts of the different virus mRNAs within different parts of the same brain were stable. The relative concentrations of H and F mRNAs were always rather low in comparison with the relative concentration of N, P, or M mRNA. This could have been due to either diminished transcription rates of F and H mRNAs or increased degradation of F and H mRNAs. All measles virus mRNAs could be found in three of the four SSPE-infected brains. In patient 3, no mRNAs for P and M proteins were detected. In this case, hybridization with cDNA clones to P and M message revealed a high amount of P-M bicistronic transcripts.
To see whether the mRNAs detected were able to direct synthesis of measles virus proteins, they were tested in an in vitro translation system which allowed the analysis of H, P, N, and M polypeptides. F protein could not be studied, since monoclonal and monospecific polyclonal anti-F antibodies in this study did not immunoprecipitate this protein from the in vitro products.
mRNAs isolated from all patients directed the synthesis of N protein. mRNA from patients 1 and 2 directed the synthesis of P proteins of different electrophoretic mobilities than those seen in lytic infection and in patient 3. Variation in the molecular weight of this protein has also been observed in persistent infections in cultured cells and seems to occur quite often when different measles virus strains are compared (23) . In contrast, P protein could not be seen in the in vitro products of patient 4, although the presence of P protein in the brain was demonstrated by immunofluorescence. It is possible that the population of mRNAs present in patient 4 is heterogeneous and the majority of P mRNA is not translatable because it contains mutations. The small amount of functionally intact message may not be sufficient to direct the synthesis of detectable amounts of P protein in (15) , possibly because not all virus gene products are required and no selection pressure is operative for dispensable genes. In SSPE there is apparently no need for the production of infectious virus particles since the nucleocapsid alone is infectious (26) . Therefore, mutations of measles virus genes, except for the N, P, and L genes, are not strictly deleterious for the survival of the persisting virus but may, on the contrary, enable the virus to escape the immune response. Further sequence analysis of the crucial measles virus genes in SSPE will show whether mutations are indeed accepted preferentially in M, F, and H genes and will provide some indications as to whether random mutation alone or other factors play a role in measles virus persistence in this disease.
